SUMMARY.-The plausibilities of two hypotheses explaining the increased cancer incidence rate in old age caused by a constant dose of carcinogen were compared using a mouse skin painting experiment in which two groups of mice started treatment at different ages. It was shown that the hypothesis of the increased rate being caused simply by increased vulnerability of old animals was not as plausible as the alternative hypothesis of the carcinogen acting to some extent cumulatively.
WHEN a constant dose of carcinogen is applied to experimental animals, the incidence rate of carcinomas is approximately proportional to (t W)k-1 where t is the age of the animal and w and k are constants (Pike, 1966) . This means that a constant dose of carcinogen produces a much higher incidence rate of carcinomas in later life than in early life.
There are two extreme explanations for this: either might be true, or the truth might lie somewhere between them.
1. There is no cumulative effect of the carcinogen. It acts within a short time of when it is applied and either succeeds in initiating a cancer or fails. The increased incidence rate in old age is due only to the increased vulnerability of old animals.
2. There is no increased vulnerability of the old animals. The carcinogen acts cumulatively, and the increased incidence at old age is due only to the cumulative effects of carcinogenic material over time.
In order to try to distinguish between these hypotheses two groups of mice were painted with tobacco smoke products, one group starting treatment at a young age and the other at an older age.
MATERIALS AND METHODS
Cigarettes and smoking procedure Plain cigarettes (Batch T4, length 70 mm., circumference 25 mm., average weight 1-1 g.) manufactured from a composite blend of flue cured tobacco representing the major plain cigarette brands smoked in the United Kingdom were smoked in the automatic machine described by Day (1967) with the same standard smoking parameters. 73
Stored non-volatile whole smoke condensate (S. W.S.C.)
The cigarette smoke was condensed in the same traps and the condensate so produced was treated and stored in the same way as described by Davies and Day (1969) .
Neutral fraction (N.F.) The neutral fraction was produced and stored in the same way as described by Day (1967 Applications were continued until the death of the animal or until 80 weeks, when the experiment was terminated and all surviving mice were killed. None of the mice in the old groups survived as long as 80 weeks from first painting, because they were 68 weeks old when painting started.
For cancers of the skin in the treated area the criterion of malignancy adopted was penetration by the epidermal tumour of the muscle fibres of the panniculus carnosus and mice satisfying this criterion were said to have an infiltrating carcinoma.
RESULTS
The numbers of infiltrating carcinoma-bearing animals at the end of the experiment are given in Table I . The times of occurrence of each of the carcinomas in the young groups together with the numbers of animals then surviving in both the old and the young groups are given in Table II . There are several defects in this experiment. It would have been better had the animals been allocated to the old and young groups by randomisation, since the main comparison of interest is between old and young painting.
It would have been better if the young groups had not been killed at week 80 (when the main tumour crop was just getting under way), but this was necessitated by an epidemic infestation.
It would have been better if all the animals had been painted with the same substance according to one unique regime, since this would have produced homogeneity of the main groups to be compared.
Despite these defects the results obtained were so striking and so contrary to one of the hypotheses that the data are nevertheless worth reporting. Since the animals in the old-painted group were at risk during old age (when the majority of tumours tend to occur) they should, under the first hypothesis, have produced about four times as many cancers as the young painted groups whereas in fact the old-painted groups produced no cancers at all while the young-painted groups produced 16. This could, however, still be explained by extending the first hypothesis to posit a constant latent period of a year or more between the induction and the production of a carcinoma. If this were the case then the 16 tumours observed between the ages of 64 and 89 weeks in the young-painted groups were induced before week 37 of their lives and have laid dormant for a year or more, and although many tumours were induced in the old-painted groups these were always prevented (by the prior death of the host) from being detected.
However, comparison with previous experimental results of a similar type shows that this cannot in fact be so; the latent period, if constant, cannot exceed 40 weeks since in an experiment on 6000 animals under similar conditions (Day, 1967 ) the main crop of carcinomas started before age 49 weeks. In Day's experiment it was found that the incidence rate increased approximately as (t -19)45 where t is the age in weeks. Assuming the first hypothesis to be true and assuming a constant latent period L of less than 40 weeks we would still have expected more tumours in the late-painted groups than in the young-painted groups (see Table III) The examination of this suggestion must await experiments involving stoppiIng painting at various ages; if it is true, then there would be very little benefit to be obtained from stopping painting after the first year or so. This may be true, but it is at variance with the effects of cessation of smoking in humans where a rapid benefit is obtained (Doll and Hill, 1964) . The data therefore suggest very strongly that the first hypothesis is to be rejected.
The group painted from the ninth week of life have, at age t weeks, been exposed to the carcinogen for (t -9) weeks, whereas the old-painted group have, at age t weeks, been exposed for only (t -68) weeks. If the incidence rate at age t in the young-painted group is b(t -19)4-5 then, if the incidence rate at age t depends only on the cumulative past experience of the carcinogen, the incidence rate in the old-painted group should be b(t -78)4-5 at age t. Using this, the expected numbers of carcinomas under the second hypothesis can be calculated: these are 0 5 in the old-painted group and 15-5 in the young-painted group, which conform excellently with the observed numbers 0 and 16 of carcinomas.
